Although conidia of Verticillium dahliae germinate and grow on a liquid minimal medium containing glycerol (Isaac, 1949 ; Vega & Le Tourneau, 1g71), most of them die on the same medium solidified with agar. Because only actively growing conidia are killed, a medium was devised that selects auxotrophic variants in populations of prototrophic conidia.
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Measurement of conidial viability. A conidium was considered viable if it grew into a macroscopic colony. The number of colonies that developed from conidia on minimal agar medium with glycerol was expressed as the percentage of colonies that developed from the same number of conidia on minimal agar medium with glucose or sucrose. It was assumed that all conidia on the glucose or sucrose medium developed into visible colonies.
Treatment with mutagen. Conidia were treated with ethyl methanesulphonate (EMS)
by the method of Ebner, Mennucci & Schatz (1973) . A I h exposure to 3 % (w/v) EMS killed 80 % of the conidia of '1.9. Treated conidia were spread on minimal agar medium containing 3 % (v/v) glycerol and I % (w/v) glucose. After 4 days at 24 "C the plates were overlaid with C N medium and returned to 21 "C.
Colonies that developed subsequently were tested for auxotrophy (Puhalla & Mayfield, I 974). Conidia were also irradiated with ultraviolet light using the procedure of Puhalla (1973). Dosage was adjusted for 80 to 90 % kill, and the irradiated conidia were plated as above.
R E S U L T S AND D I S C U S S I O N
On minimal medium solidified with 2 % Difco agar, the viability of T9 conidia decreased in the presence of glycerol : on 2 % glycerol, 73 % of the conidia survived at 24 "C; on 4 % glycerol, 58 "/o survived; and on 8 % glycerol only 22 % survived at the same temperature.
The affected conidia germinated and produced short germ tubes but then ceased growing.
The germlings became highly vacuolated and sometimes lysed. Similar concentrations of glucose alone did not affect conidial viability.
At higher temperatures, the effect of glycerol on conidial viability was more pronounced.
At 19 "C, on minimal agar medium with 3 % glycerol all conidia survived, whereas viability dropped to 66 % at 24 "C and 0-5 % at 27-5 "C. The same temperatures had no effect on conidial viability when 3 % glucose was substituted for the glycerol.
Other sugars in combination with glycerol greatly increased loss of conidial viability. On minimal agar medium with 3 % glycerol, 66 % of T9 conidia were viable at 24 "C; addition of I 06 glucose, fructose or galactose reduced viability to 0.01 %. Addition of maltose, cellobiose or sucrose was somewhat less effective, reducing Viability to 9, 2 and I % respectively.
Czapek-Dox salt solution was as toxic to conidia as the minimal salt solution when in combination with glycerol and 2 % Difco agar.
Increasing the concentration of Difco agar further decreased conidial viability. None of the other brands of agar (BBL, Fisher, or Oxoid) had any effect on viability in combination with glycerol. This difference between Difco agar and BBL agar was not altered by washing them both with acetone or 80 % (v/v) ethanol. However, in the presence of 3 % glycerol and
< glucose, Difco agar treated with charcoal was less toxic (3 % survival) than untreated agar (0.01 % survival). Conversely, BBL agar treated with charcoal decreased conidial viability to 4 % in combination with glycerol and glucose. Because the filtered agar suspensions still contained visible traces of charcoal, such changes could result from either the charcoal pretreatment or the residual charcoal in the medium.
On minimal medium containing 3 % glycerol and solidified with silica gel, only 8 % of the conidia produced visible colonies at 24 "C. Addition of I % glucose to this medium reduced conidial viability to 0.4 %.
No glycerol toxicity was observed in liquid cultures or on agar cultures that were inoculated with large pieces of mycelium (mass transfer). Earlier workers (Isaac, 1949; Vega & Le Tourneau, 1971 ) used these procedures and thereby failed to discover glycerol toxicity.
At 24 "C ' 1.9 conidia were not inhibited by glycerol if, within a day of spreading, they were Table 2 . Yielak of auxotrophs from conidia of V. dahliae ~9 treated with mutagens and spread on minimal agar medium containing glycerol
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The treated conidia were spread on minimal medium containing 3 % glycerol, I % glucose and 2 % Difco agar. CN overlay was applied after 0,4 or 5 days, or not at all. Incubation was at 24 "C.
Conidia irradiated with ultraviolet light were incubated in darkness. Numbers in parentheses refer to the number of colonies examined. The viability of surviving conidia refers to the number of colonies that developed on medium that was never overlaid and is expressed as the percentage of colonies that developed from the same number of conidia treated with mutagen, spread on the glycerol medium and overlaid at o days. For details of mutagen treatments, see Methods.
Viability ( overlaid with I % casein or 0.5 % yeast extract or CN medium. After one day, however, viability dropped sharply. The onset of inhibition was dependent on temperature ( Table I) .
In contrast about 90 % of the conidia of auxotrophic mutants either alone or mixed with prototrophic conidia could be rescued if overlaying were delayed 4 days (Table I) . Microscopic examination revealed that auxotrophic conidia showed no signs of germination on unsupplemented minimal agar medium containing either glycerol or glucose.
Conidia of isolates v~ and IS of V. dahliae and of the V. albo-atrum isolate were also very sensitive to glycerol. They, too, could be rescued by overlaying with CN. Conidia treated with EMS or U.V. radiation were spread on minimal agar medium containing glycerol and overlaid with CN medium after 4 days. Up to 10-fold enrichment for auxotrophs was obtained ( Table 2) and there was a broad range of auxotrophs similar to that reported previously (Puhalla & Mayfield, 1974) . On the other hand, there was IOOOfold enrichment for spontaneous auxotrophs ( Table 2 ) but all required nicotinamide. The poor enrichment among conidia treated with mutagen was attributed to their decreased sensitivity to glycerol ( Table 2) .
